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本论文以 P. donghaiense 为研究对象，运用基于质谱的定量蛋白质组学技术
—串联质谱标记（Tandem mass tag，TMT），并结合相应的转录组数据，比较研





细胞生长和生存提供磷源。磷缺乏的 P. donghaiense 细胞对溶解无机磷（Dissolved 
inorganic phosphorus，DIP）和溶解有机磷（Dissolved organic phosphorus，DOP）
添加响应迅速，表明 P. donghaiense 细胞可能存在有机磷的高效利用机制，可利
用有机磷作为细胞生长的磷源； 
（2）磷胁迫条件下，P. donghaiense 细胞中的碱性磷酸酶（Alkaline 
phosphatase，AP）被大量诱导。细胞生长、磷浓度、碱性磷酸酶活性和光合系统
II 最大光化学量子产量的变化在无机和有机磷添加细胞中没有显著差异，表明 P. 
donghaiense 对 DIP 和 DOP 的利用没有显著差异。 
（3）运用 TMT 技术结合相应的转录组数据库从 P. donghaiense 中鉴定到
























明P. donghaiense细胞对无机磷和有机磷的响应机制存在一定差异。  
（5）确认了参与磷代谢的蛋白质，包括碱性磷酸酶、磷酸二脂酶、5’-核苷





























Phosphorus (P) is a limiting factor for the growth of phytoplankton as an essential 
nutrient, and plays a key role in regulating marine primary production. Prorocentrum 
donghaiense (P. donghaiense) is one of the key dinoflagellate species causing extensive 
bloom along the coast of China. Although many studies have been devoted to 
physiological response of dinoflagellates to ambient phosphorus change, however, little 
is known concerning the molecular mechanisms. 
This study investigated proteomic response of P. donghaiense to ambient 
phosphorus change using the mass spectrometry-based quantitative proteomic approach 
combining the corresponding transcriptomic database, identified differentially 
expressed proteins, characterized P-related proteins and biological processes, and 
discussed the adaptive response mechanism of P. donghaiense to ambient P change. 
The main results were as follows: 
(1) P. donghaiense cells were able to tolerate a certain degree of P depletion and 
were able to utilize intracellular “stored P” to maintain cell growth and physiological 
functions. Response of P-deplete P. donghaiense cells to P-resupplement was rapid, but 
no significant difference was observed in cell growth between dissolved inorganic P 
(DIP) and dissolved organic P (DOP) resupplements, indicating P. donghaiense might 
possess high efficient organic P utilizing syetem which enabled cells to utilize organic 
P as P sources. 
(2) Alkaline phosphatase (AP)-a kind of inducible enzyme, was induced in P-
depelte P. donghaiense cells. No significant differences were found regarding cell 
density, variations of P concentration, AP activity and maximum chlorophyll 
fluorescence quantum yield of the photosynthetic system II between inorganic and 
organic P resupplied cells, indicating that P. donghaiense was able to utilize both DIP 
and DOP equally. 
(3) In total, 3,159 proteins were confidently identified in P. donghaiense using 
















proteins involved in ribosome, spliceosome, RNA transport, glycolysis/ 
gluconeogenesis were high abundant. 
(4) Protein response of P-depleted P. donghaiense cells to DIP and DOP-
resupplement was rapid. Proteins involved in ribosome, carotenoid biosynthesis, 
porphyrin and chlorophyll metabolism, biosynthesis of secondary metabolites were up-
regulated while proteins participating in lysosome and starch and sucrose metabolism 
were down-regulated in P-ressupplied cells, indicating that ambient P change affected 
protein synthesis, photosynthesis and energy metabolism. In addition, proteins involved 
in nitrogen metabolism and Alanine, aspartate and glutamate metabolism were up-
regulated in DIP-resupplied cells while proteins participated in carbon fixation and 
glycolysis / gluconeogenes were up-regulated in DOP-resuppled cells. These results 
indicated that response of P. donghaiense to inorganic and organic P resupplement was 
different. 
(5) Proteins related to P metabolism were identified in P. donghaiense, such as AP, 
phosphodiesterase, 5’-nucleotidase, nuclease, ATPase and ABC translocator. These 
proteins played important roles in adapting ambient P-depletion and responding to P-
resupplement. In addition, one protein, Type I fatty acid synthase was up-regulated only 
in DOP-resupplied cells, which may promote the synthesis of biological membrane and 
the use of DOP. 
 


























Abbreviation English name Chinese name 
2D-DIGE 













Alkaline phosphatase activity 
碱性磷酸酶 
碱性磷酸酶活性 
ATP Adenosine triphosphate 三磷酸腺苷 
BSA Bovine serum albumins 牛血清蛋白 
DIP Dissolved inorganic phosphorus  溶解无机磷 
DNA Deoxyribonucleic acid 脱氧核糖核酸 







GO Gene Ontology 基因本体注释 
HABs Harmful Algal Blooms 有害藻华 
HGT Horizontal gene transfer 基因横向转移 
HPLC High performance liquid chromatography 高效液相色谱 
iTRAQ 
Isobaric tags for relative and absolute 
quantitation 
同位素标记相对和绝对定量 
KEGG Kyoto Encyclopedia of Genes and Genomes 京都基因与基因组百科全书 
MUF 4-Methylumbelliferyl 4-伞基酮荧光素 
MUP 4-Methylumbelliferyl 4-伞基酮磷酸盐 
P Phosphorus 磷 
Pi Orthophosphate 正磷酸盐 
PP Particulate phosphorus 颗粒磷 
RNA Ribonucleic acid 核糖核酸 
SCX Strong cation exchange 强阳离子交换 
SNP 
SRP 
Soluble nonreactive phosphorus 
Soluble reactive phosphorus 
溶解态非活性磷 
溶解态活性磷 
TCA Tricarboxylic acid 三羧酸 
TDP 
TMT 
Total dissolved phosphorus 
Tandem mass tag 
总溶解态磷 
串联质谱标记 
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